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Abstract
The existing anomalies appearing in decays of the form b→ sℓ+ℓ− constitute a possible
hint for new physics. We point out that modifications to the SM results due to heavy
neutrinos could account for the observed deviations while satisfying existing constraints
from lepton flavor violating processes. The required mixing angle, however, is an order of
magnitude larger than suggested by recent global fits to lepton flavor conserving processes.
We frame our discussion in terms of a Type-I seesaw model, but it can be made more
general.
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I. INTRODUCTION
Experimental data have suggested anomalies in the flavour-changing neutral
current (FCNC) process b → sµ+µ− for some time now [1–5]. At the same time
it appears that the related mode with electrons instead of muons b → se+e−, is
consistent with the standard model (SM) expectations [6]. A particularly interesting
discrepancy between experiment and the SM occurs in the ratios RK , R
⋆
K = B(B →
K(K⋆)µ+µ−)/B(B → K(K⋆)e+e−) [7–9], where lepton universality appears to be
violated.
As expected, the anomalies in the b→ sℓ+ℓ− measurements have received con-
siderable attention in the literature and multiple models have been put forward
as possible new physics explanations [10]. There are also several model indepen-
dent analyses of these experimental results in the form of global fits to the Wilson
coefficients of the relevant low energy effective Hamiltonian [11].
One of the scenarios preferred by these global fits affects primarily the C9 and
C10 Wilson coefficients. These coefficients are defined by the operators,
Heff = −4GF√
2
VtbV
∗
ts (C9O9 + C10O10) ,
O9 = e
2
16π2
(s¯γµPLb)
(
ℓ¯γµℓ
)
, O10 = e
2
16π2
(s¯γµPLb)
(
ℓ¯γµγ5ℓ
)
, (1)
where PL = (1− γ5)/2 and, in the absence of flavour universality, C9µ,10µ 6= C9e,10e.
The SM predicts that C9,10 are approximately the same for all leptons with C
SM
9 ≈
4.1, and CSM10 ≈ −4.1. The model discussed in this paper will introduce corrections
to these coefficients with the pattern CNP9 (MW ) = −CNP10 (MW ) and therefore our
benchmark will be the best fit with CNP9µ = −CNP10µ in the 1σ range [−0.73,−0.48]
found by Ref. [11].
II. THE MODEL
In Type I Seesaw models [12] there are three light and N heavy neutrinos and
the general mass term for the neutrinos can be written as
LM = −L¯LYνφνR − 1
2
ν¯cRMRνR + h.c. (2)
where φ is the usual Higgs doublet with a vacuum expectation value 〈φ〉 = v/√2.
The neutrino mass matrix then takes the following form in the (νcL, νR) basis
Mν =
(
0 v√
2
Yν
v√
2
Y Tν MR
)
, (3)
which is a symmetric matrix that can be diagonalized by the transformation
U˜TMνU˜ = Mˆν . (4)
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U˜ is a unitary matrix and the diagonal neutrino mass matrix is then Mˆν =
diag(m1, m2, m3,M4, · · · ,M3+N) with mi and Mi the light and heavy mass eigen-
values respectively. We will denote the heavy neutral mass eigenstates by N . U˜ is
a (3 +N)× (3+N) matrix which can be written as two block 3× (3+N) matrices
U˜ =
(
U˜L
U˜R
)
, (5)
In order to accommodate the known neutrino oscillation data, which shows that
there are at least two massive light neutrinos, N should be equal to or larger than
two.
The charged current interaction between the W -boson and quarks and leptons
in the weak interaction basis is given by
LCC = − g√
2
W µL¯γµν − g√
2
W µU¯γµPLD + h.c. (6)
where L = (e, µ, τ)T , ν = (νe, νµ, ντ )
T , U = (u, c, t)T , and D = (d, s, b)T .
If there are no right-handed W-boson interactions, the heavy right-handed neutrinos
are not connected to the charged leptons by the W boson. However, the left-handed
neutrinos will have heavy neutrino components in the mass eigenstate basis and the
charged current becomes
LCC = − g√
2
W µℓ¯mγµPLU
L∗νm − g√
2
W µU¯mi γµPLV D
m + h.c.
= − g√
2
W µ
3∑
ℓ=1
ℓ¯mℓ γµPLU
L∗
ℓj ν
m
j −
g√
2
W µU¯mi γµPLVijD
m
j + h.c. (7)
Here we have introduced the matrix UL∗ℓj =
∑3
i=1 S
†L
ℓi U˜
∗
ij with ℓ = e, µ, τ . S
L is the
matrix that diagonalizes the left-handed charged lepton mass matrix: ℓmL = S
LℓL
and V = VKM is the standard Kobayashi-Maskawa (KM) matrix.
In what follows we will drop the superscript “m” from the fermion fields and
always refer to mass eigenstates. We will write the 3 × (3 + N), UL = (SL)T U˜L,
matrix in the following form
UL =

 U
L
e1 U
L
e2 U
L
e3 U
L
e4 ... U
L
e3+N
ULµ1 U
L
µ2 U
L
µ3 U
L
µ4 ... U
L
µ3+N
ULτ1 U
L
τ2 U
L
τ3 U
L
τ4 ... U
L
τ3+N

 , (8)
and note that it satisfies the unitarity condition
3+N∑
j=1
UL∗ℓj U
L
ℓ′j = δℓℓ′ . (9)
3
Wb
s
µ
µ
W
Nt
FIG. 1: Box diagram responsible for the process b→ dj ℓ¯ℓ′.
III. LOW ENERGY EFFECTIVE LAGRANGIAN
The model is particularly simple, as the only new contribution to B decay arises
from the box diagram depicted in Figure 1 (plus associated diagrams involving
would-be Golstone bosons).
These diagrams have been calculated before for the case of lepton flavor violating
(LFV) B decays and the result is known [13–16]. In our case we must be careful not
to discard the terms that vanish due to the GIM mechanism on the neutrino side
for LFV processes, but do not vanish for lepton flavor conserving processes. We find
the contribution to the effective Lagrangian for b→ dj ℓ¯ℓ′ at the MW scale to be,
L = −GF√
2
α
2πs2W
∑
i=u,c,t
∑
α=1···N+3
V ∗idjVibU
L⋆
ℓα U
L
ℓ′α (4B(λi) + E(λi, λa)) ℓ¯γµPLℓ
′d¯jγ
µPLb
(10)
where dj refers to a d or an s quark, λi = m
2
i /m
2
W , and the Inami-Lim functions
[17] B(λi) and E(λi, λα) are given by,
1
B(λi) =
1
4
(
λi
1− λi +
λi log(λi)
(1− λi)2
)
E(λi, λa) = λiλa
{
−3
4
1
(1− λi)(1− λa) +
[
1
4
− 3
2
1
λi − 1 −
3
4
1
(λi − 1)2
]
log λi
λi − λa
+
[
1
4
− 3
2
1
λa − 1 −
3
4
1
(λa − 1)2
]
log λa
λa − λi
}
. (11)
B(λi) is just the usual function that reproduces the SM box diagram contribution
to b→ dj ℓ¯ℓ [18]. The new term is given by E(λi, λa) and it subtracts from the SM
as illustrated in Figure 2.
Neglecting for simplicity the contribution from the charm-quark intermediate
state, our result in Eq. 10 implies that
CNP9 (MW ) = −CNP10 (MW ) = −
1
4s2W
∑
N
UL⋆µNU
L
µNE(λt, λN). (12)
1 Note that E(λi, λα) = −EL(λt, λN )/4 in the notation of Ref. [15].
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FIG. 2: Inami-Lim function E(λt, λN ) for physical top-quark mass as a function of heavy
neutrino mass in TeV, normalized to the SM box function B(λt).
As shown in Ref. [15] the main constraints on the mixing angles ULℓN arise from
radiative lepton decay and the corresponding low energy effective Lagrangian for
this type of process is given by
L = 4GF√
2
e
16π2
F µν
∑
N
UL∗ℓNU
L
ℓ′NF (λN) mℓ′ ℓ¯σµνPRℓ
′ (13)
where F µν is the electromagnetic field strength tensor and the Inami-Lim function
in this case is
F (λN) =
[
3λ3N log λN
4(1− λN)4 +
2λ3N + 5λ
2
N − λN
8(1− λN)3
]
, (14)
IV. RESULTS AND CONCLUSION
Using Eq. 13 and Eq. 10 we can update the constraints on ULℓN arising from
radiative lepton decay and LFV B decay with the experimental limits given in
Table I.
TABLE I: Summary of current experimental bounds for ℓ → ℓ′γ and B → ℓ±ℓ′∓ taken
from the Particle Data Book [19] .
Process limit Process limit
B(µ→ eγ) 4.2× 10−13 B → e±µ∓ 2.8× 10−9
B(τ → eγ) 3.3 × 10−8 B → e±τ∓ 2.8× 10−5
B(τ → µγ) 4.4 × 10−8 B → µ±τ∓ 2.2× 10−5
KL → e±µ∓ 4.7× 10−12 Bs → e±µ∓ 1.1× 10−8
For simplicity we now consider the contribution of only one heavy neutrino
and we find that its mass is not significantly constrained. Taking, for example,
5
MN = 2 TeV and assuming that all the elements U
L
ℓN are real, we illustrate two
scenarios in Figure 3. Although not necessary, it is possible to choose ULeN = 0, which
will automatically remove any constraints from LFV processes involving electrons,
and we show this case in the right panel. The constraints in this case arise exclusively
from τ → µγ.
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FIG. 3: Constraints on ULµN for MN = 2 TeV in two illustrative scenarios.
The parameter space that both, reproduces the best fit scenario of Ref. [11] at
1σ, CNP9µ (mb) ≈ −CNP10µ (mb) ∼ [−0.73,−0.48], and satisfies the LFV constraints is
shown in Figure 4.2 To accommodate the B-anomalies with heavy neutrino masses
2 Notice that this is only approximate for CNP
9µ (MW ) = −CNP10µ (MW ) as the QCD running changes
C9 but not C10 [18].
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FIG. 4: Region of ULµN −MN (TeV) parameter space that satisfies the LFC constraints
and produce a CNP9µ ≈ −CNP10µ in the range preferred by the global fit of Ref. [11].
in the TeV range, would thus require ULµN ∼ 0.3. This would produce a contribution
to the muon g − 2 of aµ = −5.7 × 10−10 which is at the level of the error in the
measurement and below the current anomaly. At the same time, the large mixing
angle needed is at odds with recent global fits [20, 21].
Experimental anomalies in the tree-level dominated semileptonic decay of b
to τ -leptons have also been reported [22–24]. These ones, R(D) = B(B →
Dτ−ν¯τ )/B(B → Dℓ−ν¯ℓ) and R(D⋆) (where a D⋆ replaces the D) cannot be ex-
plained by the mechanism described in this paper. Interestingly, however, there
exist possible explanations involving additional light neutrinos for this case [25, 26].
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